The aim of the study was to investigate the effect of the particle size of full-fat rapeseed and of multi-carbohydrase enzyme supplementation on chicken performance. The experiment was conducted with 480 male broiler chickens, divided into four dietary treatments, 15 replications with 8 birds each. Two basal diets were prepared containing fine-ground (FG) or coarse-ground (CG) rapeseed. Diets were unsupplemented or supplemented with a multi-carbohydrase enzyme preparation. The CG rapeseed depressed (P<0.05) body weight gain and feed conversion ratio (P<0.05) in comparison with FG. Birds consuming diets supplemented with multi-carbohydrase enzymes had a higher feed intake and body weight gain and a better feed conversion ratio during the first 2 weeks of life (P<0.05). During the first 14 days of life, fine grinding of rapeseed had positive effects on nitrogen retention (55.7 vs 50.8%), total tract digestibility of crude fat (70.4 vs 38.9%), and AME N value (P<0.05). It can be concluded that fine grinding may be used to improve the nutritional value of full-fat rapeseed in broilers.
INTRODUCTION
Rapeseed production and use in Europe has substantially increased in the past several years and reached over 21 million tons in 2009; in Poland rapeseed production that year came to almost 2.5 million tons (FAOSTAT, 2011) . There is growing interest within the feed industry in using rapeseed by-products in poultry feeding (Mikulski et al., 2012) and full-fat oilseeds in broiler chicken diets. Full-fat rapeseed (FFRS) is a valuable source of energy and protein for poultry (Gordon et al., 2004; Meng et al., 2006) . It has been demonstrated that its feeding value could be affected by incomplete rupture of the seed structure during feed processing (Meng et al., 2006) . Nutrient encapsulation by cell walls may not be broken down in the poultry gastrointestinal tract, which can result in poor energy utilization. It has been documented that the use of an appropriate combination of cell wall-degrading enzymes can improve the nutritive value of oilseeds for poultry. Recent research by Meng et al. (2006) demonstrated that supplementation of canola seed-containing diets with a combination of cell walldegrading enzymes was effective in improving feed conversion ratio (FCR), dry matter (DM) and non-starch polysaccharide (NSP) digestibility, and apparent metabolizable energy (AME N ) level.
In recent years, a considerable amount of data on the mode of action of carbohydrases in rapeseed diets has been published (Meng and Slominski, 2005; Jia et al., 2008; Assadi et al., 2011) , however, there is limited information available about processing of this raw material.
The aim of the present study was to investigate the effect of full-fat rapeseed particle size and multi-carbohydrase supplementation on broiler chicken performance and nutrient digestibility.
MATERIAL AND METHODS

Experimental diets
Two basal diets (Table 1) containing fine-ground (FG) or coarse-ground (CG) rapeseed were used in the study. The two particle size distributions were achieved by grinding rapeseed using a Skiold disc mill (Skiold A/S, Denmark) at 0.1 mm (FG) or 1.5 (CG) disc distance. To determine particle size distribution, samples (n=5) of ground rapeseed (15 g) were sieved using a set of sieves of 2.0, 1.6, 1.25, 1.00 and 0.63 mm (Endecotts, London, UK). The samples were shaken using an Endecotts Test Sieve Shaker for 25 min. Before determination of particle size distribution, ground FFRS samples and sieves were cooled to -18°C to prevent particle agglomeration and fat loss. The mass of recovered sample from each sieve was recorded and expressed as a percentage of the total sample used. The average particle size distribution of coarse and fine rapeseed samples is presented in Table 2 . Titanium dioxide (2 g/kg) was used as an internal marker to calculate digestibility and to determine AME N values. Diets (Table 1) were unsupplemented or supplemented on top with 0.5 g/kg enzyme preparation (Superzyme OM -Canadian Bio-Systems Inc., Calgary, Canada), which supplied 2100 U cellulase, 300 U mannanase, 37.5 U galactanase, 750 U xylanase, 450 U glucanase, 1875 U amylase and 150 U of protease (according to the producer's declaration) per kg of diet. All birds were fed ad libitum with mash diets: starter from day 1 to 14, grower from day 15 to 35. 
Bird management and data collection
The experiment complied with the guidelines of the Local Ethics Commission with respect to experimentation and care of animals under study.
The experiment was conducted with 480 one-day-old male Ross 308 chicks. At arrival, 100 birds were weighed and the average arrival weight of the flock was calculated. The birds were kept in 60 floor pens, 8 cockerels per pen (16 birds per m 2 ). The room environment was managed according to the standard requirements for broiler chickens. All diets were formulated to be isonitrogenous and isocaloric (Table 1 ). The chickens were randomly divided into four dietary treatments (15 replications each).
Body weight (BW) and feed intake (FI) were measured weekly, whereas body weight gain (BWG) and feed conversion ratio (FCR) were calculated at the end of the trial. Collection trays were installed in floor pens on day 14 and 35 to allow excreta collection; five excreta samples per treatment were collected. One excreta sample represented one pen (8 birds). During one day in the fifth week of the experiment, 10 chickens from each group were sacrificed by cervical dislocation and the ileum was removed. Digesta were flushed from the terminal ileum (15 cm, adjacent to the ileo-caecal junction) and pooled by pen (2 birds/sample) to provide sufficient material for chemical analysis (n=5).
Prior to analysis, digesta and excreta samples were homogenized with the use of a stomacher homogenizer (Interscience, France), then freeze-dried (Christ 1825 Medizinischer Apparatebau Osterode/Harz, Germany) and ground (Retsch, Ultra Centrifugal Mill ZM 200, Haan, Germany).
Analytical methods
The content of dry matter, crude protein, crude fibre in diets, digesta and excreta were determined according to AOAC (2005) . Nitrogen content was analysed by a Kjel Foss Automatic 16210 (A/S N. Foss Electric, Denmark) analyser. Fat content was determined using a Soxtec System HT 1043 Extraction Unit (Foss Tecator, Denmark). Titanium dioxide was estimated according to Short et al. (1996) , the samples were prepared according to the procedure proposed by Myers et al. (2004) . Gross energy was determined using an adiabatic bomb calorimeter (KL 12Mn, Precyzja-Bit PPHU, Poland) standardized with benzoic acid.
Calculations and statistical analysis
Ileal and total tract apparent protein and fat digestibilities and the dietary AME value were calculated relating the concentration of TiO 2 to the content of the nutrient in question or gross energy in feed or digesta (excreta). Total tract AME N was corrected to zero nitrogen balance using 34.4 kJ•g -1 N retained (Hill and Anderson, 1958) .
Statistical analysis of results was performed using the General Linear Models procedure (GLM) of the SAS  according to the following general model:
where: Yij, -the measured dependent variable; µ -overall mean; α i -the effect of grinding rapeseed; β j -the effect of the enzyme preparation; (αβ) ij -the interaction between grinding of rapeseed and enzyme preparation; ε ij -random error.
Means were compared pair-wise using Duncan´s multiple range test. Differences between particle size distribution of rapeseed samples and their significance were evaluated by Student's t-test. All data are presented as means with pooled standard error of the mean (SEM).
RESULTS
Comparison of the particle size distributions of coarse with fine-ground rapeseed (Table 2) showed that the proportion of large particles was reduced and that of fine particles, increased after grinding with the disc distance set at 0.1 mm. FG rapeseed was characterized by a lower share of large particles (>2.0 -1.25 mm) than CG rapeseed (P<0.05). In FG rapeseed, the content of particles smaller than 1 mm was 75%, in CG, 21% (P<0.05).
Performance results are summarized in Table 3 . Dietary CG depressed (P<0.05) the body weight gain (BWG) and feed conversion ratio (FCR) of the broiler chickens in comparison with FG during the starter period (BWG, over ) and the entire period of the experiment (BWG, over 99 g, FCR, 0.08 kg•kg -1 ). The degree of grinding affected feed intake during starter period (P<0.05): birds fed CG rapeseed had a lower feed intake than the chickens fed FG material. In the course of the grower and the entire experimental period, there were no differences in feed intake between dietary treatments. Birds fed diets with FG rapeseed had better FCR than birds fed diets with CG rapeseed. These differences were found during the starter period, grower period, and the entire experiment (P<0.05).
The use of the enzyme preparation improved performance results (Table  3) . Birds consuming diets supplemented with the multi-carbohydrase enzyme preparation were characterized by a higher (P<0.05) BWG (1-14 days, 39 g; 1-35 days, 97 g) and lower FCR (P<0.05). A significant interaction (P=0.023) was found between degree of grinding and enzyme supplementation for feed intake on day 14; the addition of the enzymes increased feed intake when FG rapeseed was used but not when CG was fed.
During the first 14 days of the experiment, FG rapeseed had a positive effect on nitrogen retention and total tract digestibility of crude fat in comparison with CG (P<0.05) ( Table 4 ). The ileal digestibility of crude fat was higher (P<0.01) when FG rapeseed was used, whereas ileal crude protein digestibility did not differ between FG and CG treatments (Table 5 ). In 14-day-old chickens, fine grinding of rapeseed had a positive effect (P<0.01) on the AME N value of the diet in comparison with CG rapeseed (Table 4) , and this difference accounted for 0.7 MJ per kg diet. The use of dietary enzymes did not affect ileal crude protein or crude fat digestibility during the first 14 days of life. Nitrogen retention was also unaffected by enzyme supplementation. A significant interaction (P<0.05) between the degree of grinding and enzyme addition (Table 4) was found, however, indicating that the effect of enzymes on nitrogen retention differed depending on the degree of grinding. The experimental enzyme improved nitrogen retention in diets containing coarsely ground rapeseed and not in those with finely ground rapeseed. On day 35, crude fat total tract digestibility was lower when coarser (CG) material was used (P<0.05).
DISCUSSION
Earlier research from this laboratory demonstrated that full-fat rapeseed (FFRS) could be a valuable source of nutrients for poultry. Moreover, applications of multi-carbohydrase preparations improved the nutritional value of this raw material (Józefiak et al., 2010 (Józefiak et al., , 2011 . Other studies conducted on FFRS nutritive value demonstrated that it could be used in broiler chicken diets at concentrations of up to 100 g•kg -1 without apparent negative effects on FCR (Gordon et al., 2004) . In the present study, fine grinding (FG) improved performance, AME N level and digestibility parameters in broiler chickens. The use of fine grinding substantially enhanced crude fat ileal digestibility and total tract digestibility on day 14. Thus, it may be supposed that the feeding value of coarsely ground rapeseed was affected by incomplete rupture of seeds during processing. It is known that the oil in FFRS is located within numerous cells of the cotyledons, which are surrounded by a thick wall of polysaccharides (Sosulski and Sosulski, 1993) . Due to CG treatment, nitrogen retention, fat digestibility, and AME N level were lower in comparison with the FG treatment. This may indicate that fat and protein from rapeseed were not fully available for the digestive enzymes of the birds. Noticeable differences in crude fat digestibility at the ileum level may partially explain the differences in dietary AME N values. Fine grinding possibly released part of the oil and increased the surface area, improving the rate of digestion by the birds' enzymes. Application of heat and mechanical treatments to FFRS proved to be beneficial in improving its nutritional value (Shen et al., 1983; Smulikowska et al., 2006) . It is well known that grinding is used to disrupt the cell wall structure of feedstuffs to increase the exposure of nutrients to the digestive enzymes of animals, consequently, to improve bird performance. Nguyen et al. (2003) reported that the performance of birds fed fine-ground rapeseeds was not significantly different from the control treatment (maize and wheat-soya diet). Moreover, Dänicke et al. (1998) reported that roughly ground rapeseed was characterized by lower fat and dry matter digestibility as well as AME value than finely ground material.
In the present study, the incorporation of CG rapeseed into the diet depressed crude fat digestibility in comparison with FC rapeseed. According to Tańska et al. (2008) , most Polish rapeseed contains up to 7% seeds and particles with diameters below 1.6 mm, that of the remaining seeds exceeds 1.6 mm. It could be concluded that the depression of crude fat digestibility was due to the coarsely ruptured seeds rather than to high amounts of intact seeds.
Although the grinding process has positive effects on seed rupture and cell wall disruption, some part of the oil may still be unavailable and may require enzyme supplementation for optimal energy use of FFRS. The nutrient-encapsulating effect of the cell walls may not be overcome by the enzymes produced by poultry because they lack ones able to digest cell-wall polysaccharides. Supplementation of carbohydrases is commonly used to target the cell-wall non-starch polysaccharides of feedstuffs in poultry diets (Choct et al., 1995; Kaczmarek et al., 2009 ). The nutritional value of FFRS is decreased by the presence of three main antinutritional factors, namely: phytates, glucosinolates and dietary fibre fractions. Moreover, in our recent trials with FFRS (Józefiak et al., 2010 (Józefiak et al., , 2011 we also demonstrated that the use of a multicarbohydrase preparation in combination with phytase resulted in the best performance of broilers.
Rapeseed dietary fibre may interfere with nutrient digestion (Asp et al., 1983; Bell, 1993) . In the present trial, the use of a multi-carbohydrase preparation did not improve ileal protein digestion and total tract digestibility of crude fat. Nevertheless, performance parameters were positively affected during the first 14 days of life as well as during the entire experiment. Some authors (Mahagna et al., 1995; Gracia et al., 2003; Cowieson et al., 2004) suggested that the use of exogenous enzymes could improve bird performance via limiting endogenous amino acid loss. Cowieson et al. (2004) suggest that endogenous losses decrease by enzymatic degradation of antinutritional factors. Mahagna et al. (1995) and Gracia et al. (2003) proposed that exogenous amylase and protease may supplement endogenous production of enzymes. The above hypotheses seem to be supported by the better nitrogen retention after enzyme supplementation on day 14, as recorded in the present experiment.
CONCLUSIONS
The present trial demonstrates that fine grinding may be used to improve the nutritional value of full-fat rapeseed in broiler diets.
